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1 Introduction
The discovery of the Higgs boson at the LHC 1 was a spectacular confirmation of the central
prediction of the Standard Model (SM). Nevertheless, it is possible that precision studies of the
Higgs boson will reveal new physics beyond the SM. The effective theory framework offers a
model-independent approach to address this issue. The underlying assumption is that there are
no new particles (beyond those of the SM) with masses near the weak scale. In this talk we
present up-to-date constraints on the parameters of the leading effective theory operators that
govern the Higgs couplings to matter.
2 Effective Lagrangian for Higgs interactions
We assume that the Higgs boson h is a part of the Higgs field H that transforms as the (1,2)1/2
representation under the SM SU(3)C×SU(2)L×U(1)Y gauge group and obtains an expectation
value v. Then one can organize the effective Lagrangian as an expansion Leff = LSM + LD=5 +
LD=6 + . . . , where each term consists of gauge invariant local operators of canonical dimension
D constructed out of the SM fields. The leading term is the SM Lagrangian which contains
operators up to dimension 4. The only operators at dimension 5 are of the form (LH)2; they
give masses to neutrinos but have no observable impact on Higgs phenomenology. At dimension
6, the minimal non-redundant set of operators was given by Grzadkowski et al. 2; we use the
equivalent basis written down in Contino et al. 3. We assume LD=6 contains no new sources of
flavor, CP and baryon number violation. Then the dimension 6 operators lead to the following
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couplings of a single Higgs boson to pairs of SM fields:
Lh = h
v
2cVm2WW+µ W−µ + cV,Zm2ZZµZµ − cu ∑
f=u,c,t
mf f¯f − cd
∑
f=d,s,b
mf f¯f − cl
∑
f=e,µ,τ
mf f¯f
+
1
4
cggG
a
µνG
a
µν −
1
2
cWWW
+
µνW
−
µν −
1
4
cγγγµνγµν − 1
4
cZZZµνZµν − 1
2
cZγγµνZµν
+κZγ∂νγµνZµ + κZZ∂νZµνZµ + (κWW∂νW
+
µνW
−
µ + h.c.)
 , (1)
LD=6 contains also the so-called vertex and dipole operators that modify Higgs couplings to
3 or more SM fields, but we ignore them here. The 13 real couplings in Eq. (1) map to 11
operators in the dimension 6 Lagrangian (one constraint on cii and one on κii follow from
an accidental custodial symmetry in LD=6 3). Given the current precision of experiment and
theoretical predictions, the effective operators of dimension greater than 6 are not relevant.
It would be desirable to obtain constraints on all these coefficients using the Higgs data.
However, the data publicly available so far leave important degeneracies, in particular they have
a very limiting power of discriminating between different tensor structures of the Higgs coupling
to vector bosons. Therefore we make further assumptions demanding that the combinations
of couplings leading to power-divergent corrections to electroweak precision observables vanish.
This leads to the constraints 4
cV,Z = cV , cWW = cγγ +
gL
gY
cZγ , cZZ = cγγ +
g2L − g2Y
gLgY
cZγ , κZγ = κWW = κZZ = 0, (2)
where gL and gY are the gauge couplings of SU(2)L × U(1)Y . Only 2 combinations of these
constraints follow automatically from LD=6. The remaining ones have to be imposed by hand
and represent an assumption about the underlying UV theory. In the following we work with
the effective Lagrangian of Eq. (1) subject to the constraints of Eq. (2). The Higgs couplings to
matter thus depend on 7 free parameters:
cV , cu, cd, cl, cgg, cγγ , cZγ . (3)
The SM Higgs is the limiting case where cV = cf=u,d,l = 1 and cgg = cγγ = cZγ = 0. Moving
away from the SM point, one effect is that the partial decay widths of the Higgs boson are
modified. For mh = 125.6 GeV, the decay widths relative to the SM ones can be expressed in
terms of the parameters in Eq. 3 as
Γcc
ΓSMcc
' |cu|2, Γbb
ΓSMbb
' |cd|2, Γττ
ΓSMττ
' |cl|2, (4)
ΓZZ∗→4l
ΓSMZZ∗→4l
' c2V + 0.36 cV cZγ + 0.26 cV cγγ ,
ΓWW ∗→2l2ν
ΓSMWW ∗→2l2ν
' c2V + 0.73 cV cZγ + 0.38 cV cγγ , (5)
Γgg
ΓSMgg
' |cˆgg|
2
|cˆgg,SM|2 , cˆgg = cgg + 10
−2 [1.28 cu − (0.07− 0.1 i) cd] , |cˆgg,SM| ' 0.012,
Γγγ
ΓSMγγ
' |cˆγγ |
2
|cˆγγ,SM|2 , cˆγγ = cγγ + 10
−2 (0.97 cV − 0.21 cu) , |cˆγγ,SM| ' 0.0076,
ΓZγ
ΓSMZγ
' |cˆZγ |
2
|cˆZγ,SM|2 , cˆZγ = cZγ + 10
−2 (1.49 cV − 0.09 cu) , |cˆZγ,SM| ' 0.014. (6)
The relative branching fraction is given by Br(h→XX)Br(h→XX)SM =
ΓXX
ΓXX,SM
Γtot,SM
Γtot
, where Γtot is the sum
of all partial decay widths. Furthermore, the Higgs production cross-section via the gluon fusion
Table 1: The LHC Higgs search results used in our fit.
ATLAS
Production Decay µˆ Ref.
2D γγ 1.55+0.33−0.29
5,6
ZZ 1.41+0.42−0.33
5,7
WW 0.98+0.33−0.26
5,8
ττ 0.65+0.70−0.62
9
VH bb 0.2+0.7−0.6
10
ttH bb 2.69± 5.53 11
γγ −1.39± 3.18 12
inclusive Zγ 2.96± 6.69 13
µµ 1.75± 4.26 14
CMS
Production Decay µˆ Ref.
2D γγ 0.77+0.29−0.26
15
ZZ 0.92+0.29−0.24
16
WW 0.68+0.21−0.19
16
ττ 1.11+0.43−0.41
16
VH bb 1.00± 0.49 17
VBF bb 0.7± 1.4 18
ttH bb 1.0+1.9−2.0
19
γγ −0.2+2.4−1.9 19
ττ −1.4+6.3−5.5 19
multi-` 3.7+1.6−1.4
20
inclusive Zγ −0.21± 4.86 21
µµ 2.9+2.8−2.7
22
gg → h (ggH), top pair associated production gg → htt¯ (ttH), vector boson fusion qq → hqq
(VBF), and vector boson associated production qq¯ → hW/Z (VH) are modified as
σggH
σSMggH
' |cˆgg|
2
|cˆgg,SM|2 ,
σttH
σSMttH
' c2u,
σV BF
σSMV BF
' c2V + 0.6 cV cZγ + 0.3 cV cγγ , (7)
σWH
σSMWH
' c2V − 7.0 cV cZγ − 3.6 cV cγγ ,
σZH
σSMZH
' c2V − 5.7 cV cZγ − 3.4 cV cγγ . (8)
The LHC collaborations typically quote the relative rate µˆY HXX =
σY H
σSMY H
Br(h→XX)
Br(h→XX)SM in a number
of channels. Comparing the measured rates with the SM predictions we can constrain the
parameters of the effective Lagrangian. We will show that the current Higgs and electroweak
precision data constrain in a non-trivial way all the 7 parameters in Eq. 3.
3 Experimental data
The LHC Higgs data we included in our fit are collected in Table 1. We used 2-dimensional
(2D) likelihoods in the µˆggH+ttH/µˆV BF+V H plane whenever those are provided by experiments.
In these cases the value of µˆ is given for illustration only; in the fit we always use the full
2D likelihood function which captures non-trivial correlations between the rates measured for
various production modes. In the channels where only 95% CL limits are given we reconstruct
µˆ assuming the errors are Gaussian. We also include the combined Tevatron measurements 23:
µˆincl.γγ = 6.2
+3.2
−3.2, µˆ
incl.
WW = 0.9
+0.9
−0.8, µˆ
V H
bb = 1.62
+0.77
−0.77, µˆ
incl.
ττ = 2.1
+2.2
−2.0. Furthermore, we use elec-
troweak precision measurements from LEP, SLC, and Tevatron collected in Table 1 of Falkowski
et al. 4. To evaluate logarithmically divergent corrections from the Higgs loops to electroweak
precision observables we assume Λ = 3 TeV.
4 Constraints on Higgs couplings
We fit the 7 parameters in Eq. 3 to the available Higgs and electroweak precision data assuming
the errors are in various channels are Gaussian and uncorrelated, except in the cases where
correlations are known (as in the case of 2D likelihood or some electroweak precision data). We
include the uncertainty on the prediction of the SM ggH production cross-section by introducing
a nuisance parameter with a Gaussian distribution around the central value. For the LHC at√
s = 8 TeV we take24 the scale error (+7.2%, -7.8%) and the PDF error (+7.5%, -6.9%) and
add those two linearly. We obtain the following central values and 68% CL intervals for the
parameters:
cV = 1.04
+0.02
−0.02, cu = 1.27
+0.35
−0.39, cd = 1.08
+0.17
−0.26, cl = 1.06
+0.20
−0.20,
cgg = −0.0012+0.0016−0.0015, cγγ = 0.00065+0.00093−0.00066, cZγ = 0.007+0.014−0.034. (9)
We find χ2SM − χ2min = 3.1 which means that the SM gives a perfect fit to the Higgs and
electroweak precision data. When quoting the confidence regions above we ignored degenerate
minima of the likelihood function isolated from the SM point where a large 2-derivative Higgs
coupling conspires with the SM loop contributions to produce a small shift of the Higgs observ-
ables. Remarkably, the current data already put meaningful limits on all 7 parameters. The
strong constraint on cV is dominated by electroweak precision observables, and can be relaxed
in the presence of additional tuned contributions to the S and T parameter that could arise from
integrating out heavy new physics states. Ignoring the electroweak precision data in the fit one
obtains the weaker constraint cV = 1.03
+0.08
−0.08.
The fit displays an approximately flat direction along cgg+0.013cu, which is the combination
that sets the strength of the gluon fusion production mode. This is clearly visible in Fig. 1(a)
where a 2D fit in the cu–cgg plane is performed, with the other couplings fixed to their SM
values. This flat direction is lifted by the ttH production mode which depends on cu only. The
recent CMS results in the ttH channel 19 put interesting constraints on cu independently of cgg:
unlike in the previous fits, cu = 0 is now disfavored at the 2σ level. Furthermore, the fit shows
a strong preference for cd 6= 0 even though the h→ bb¯ decay has not been clearly observed. The
reason is that cd determines Γbb which dominates the total Higgs decay width and the latter is
indirectly constrained by the Higgs rates measured in other decay channels. The least stringent
constraint is currently that on cZγ which reflects weak experimental limits on the h→ Zγ decay
rate. It is interesting to note that there are good prospects 25 of probing cZγ using differential
cross section measurements in the h→ ZZ∗ → 4` channel.
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Figure 1 – Left: A fit in the cu-cgg plane with the other couplings fixed at their Standard Model values. Right:
χ2 − χ2min of the fit for the Higgs with SM-size couplings to the SM matter and an invisible branching fraction.
5 Constraints on invisible width
Going beyond the effective Higgs Lagrangian in Eq. 1, it is interesting to consider the possibility
of an invisible Higgs width. This may arise in models with new weakly interacting light degrees
of freedom that have a significant couplings to the Higgs boson, for example in Higgs-portal
models of dark matter or in supersymmetric models. The invisible decays have been directly
searched for at the LHC. The current 95% CL limits on the invisible branching fraction are
Brinv < 65% in the ZH production mode in ATLAS
26, Brinv < 75% in the ZH production mode
in CMS 27, and Brinv < 69% in the VBF production mode in CMS
28. Stronger limits on the
invisible Higgs width can be obtained indirectly from a global fit to the Higgs couplings. In the
case when the couplings of the Higgs to the SM matter take the SM values the invisible width
leads to a universal reduction of the decay rates in all the visible channels. This possibility is
strongly constrained, given the Higgs is observed in several channels with the rate close to the
SM one. From Fig. 1(b) one can read off the limit Brinv < 16% at 95% CL. This bound can be
relaxed if one allows new physics to modify the Higgs couplings such that the Higgs production
cross-section is enhanced, so as to offset the reduction of the visible rates. For example, if cgg
is allowed to float freely in the fit, the weaker limit Brinv < 40% is obtained. Note that these
indirect limits apply to any other exotic (but not necessarily invisible) contribution to the Higgs
width.
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